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OIIMMCAHME ITOBEOEHVA TOPHBIX ITOPO/I, I1IO OTPAHNMYEHHOMY OBbEMY
NCXOJHDBIX OS9KCITEPMUMEHTAJIbHBIX TAHHBIX

B.A. Pviukos, H.M. Komapuos, M.A. Kynazuna

PaccmoTpeHbl 3KcneprMeHTanbHble faHHble [1] ucnbitaHua no cxeme T. KapmaHa 06pa3LoB ropHbIX MOPOA.
OnpepeneHbl UX yrnpyrvie KOHCTaHTbI, BXOAALLME B 3aKOH [yKa, 1 napameTpbl ehopMaLViOHHOTO YNPOUYHEHMS.

Kniouesble criosa: ynpyrocTb; NaacTUYHOCTb; YNPOUHEHWE; pa3pbixXSieHre; Npeaes NPOYHOCTY.

DESCRIPTION OF THE ROCKS BEHAVIOR LIMITED TERMS
OF REFERENCE EXPERIMENTAL DATA

B.A. Rychkov, N.M. Komartsov, M.A. Kulagina

The experimental data [1] of testing Karman scheme rock samples are considered. Elastic constants in Hooke's
law and the parameters of strain hardening are determined.

Keywords: elasticity; plasticity; strengthening; loosening; ultimate strength.

HcxonHbie JaHHbIE M YIIPYTrHe KOHCTAHTHI Ma-
Tepuaia. [{mmHapuyeckue oOpasibl AMOpUTa U Tie-
PHIOTUTA MCTIBITHIBAII HA HEPABHOMEPHOE TPEXOCHOE
cxarue. B pabore [1] npencrasieHsl 3HaUSHUS IpUpa-
IIEHUI 0CEeBOM Ae(opMaIiy B 3aBUCUMOCTH OT TIpUpa-
IIEHNST OCEBOTO HAIPSHKEHUS! MTOCIIE MTPEIBAPUTEIHHOTO
TUpocTaTHYeCcKOro cokatus ( £, ) 10 pasHOTo ypoBHSL.

Jluarpammbl, NpUBeJEHHbIE Ha pUCYHKax 1, 2,
OTCKaHWPOBAaHBl W MPEJICTABICHBl B BHJE COOTBET-
CTBYIOIIMX TaONMYHBIX 3HAUYCHWH MpPUPAIICHHS Ha-
MpsDKeHHs u npupameHus aedopmarnnu. OmmdpoBka
rpadukoB ObLTa MPOBEIEHA C MOMOIIBIO MTPOTPAMMEI
“ChartReader”. Kak ObU10 mpOBEpeHO aBTOPOM IKC-
MEPUMEHTA, B UCXOAHOM COCTOSIHUH JIUOPUT U IEpH-
JIOTHT TIPEJCTABIISIIOT COOOM M3OTPOIHBIN Marepuall.
[TosToMy [UIs1 OTIpeneNeHus yIpyrux KOHCTAHT TaKo-
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[Tpn omHOM M TOM K€ BHJE HANpPSHKEHHOTO CO-
crosuust (¢ = const) hopmyna (2) cnpaBeuIUBa U JUIS
NIpUpalieHuii HanpspKeHUH U 1eopManui, T. e.

Ae, :%[I—ZCV]. 3)

Bri0upasi 3Ha4eHUs] UCXOMHBIX MPUPAIICHUI Ha-
MpsDKECHUNA U IehOpMalnil IPH HECKOJIBKUX 3HAYCHU-
SIX MapameTpa C JJIs BCEX OCYIIECTBJICHHBIX JaBJie-
HUW, JAEUCTBUTENBHO TOJYYWJIH COOTBETCTBYIOILIUE
JIUHEHHBIE 3aBUCHUMOCTH Ae, (Aal), D10 JaeT OCHO-
BaHUE MCIOJB30BaTh (3) MpU ABYX 3HAUEHHs C, 4TO
MPUBOJUT K CHUCTEME JBYX ypaBHEHUH JyIs Olpele-
JIGHUsI KOHCTaHT E u Vv . VX 3HaueHus npeacTaBieHbI
B Taonue 1.

Tab6muna 1 — 3HaueHus KOHCTauT £ u V

Marepuan E, Mlla \Y
Juoput 43208,6 0,22
[lepunorur 5447474 0,249

B omnmume ot jaHHON Ipoueaypbl ONpeneIeHHs.
YOPYTHX KOHCTAHT, B pabote [1] BBemeH TOIBKO OTUH
rapamerp, XapakTepH3yOUIMH YIpyryoo aedopma-
1IN0, @ UMEHHO, YTBEPKAACTCS, UTO

Ae =e —¢ = O-IE—O-‘, 4)

nj

e e u o, — COOTBeTPCTBeHHo oceBas ieopmarius
U OCEBOE HAIpPSIKEHHE JIOCTUTHYTHI IIPU IIPEABapu-
TeJILHOM IMAPOCTATHICCKOM JaBICHNH, A E,  CYUTACT-
cst moxynem HOnra. I[lockomnbKy 3TO HE Tak, TO B OTIIH-
Y1e OT MEPBOUCTOUHHKA 3TOT MOIYIb MbI 0003HAUMIN
C HIDKHUM MHJIEKCOM, T. €. 3TO Ha CaMOM JIeJIe HEKOTO-
PpBIf IpUBEACHHBINA MOAYIb. Eciu cpaBHUTE GOpMYIIBI
(3) u (4), To yKa3aHHBIA PUBEICHHBIN MOIYIh BBIpa-
JKaeTcs depe3 JACHCTBUTENBHBIN Moxynas FOHTa u Ko-
a¢ppurnment [lyaccona:

= )

1-2cv

3HaueHNe BEIUYUHBI Enp, MOCYMTAHHOE 1O (op-
Myse (5), TOCTaTOYHO XOPOIIO COOTBETCTBYET JKCIIe-
PHMEHTaIBHBIM JaHHBIM 3aBHCHMOCTH E, (Ael) pu
Pa3HBIX OOKOBBIX JABICHUSIX.

[Ipn ukrcupoBaHHOM OOKOBOM JIaBJICHWUHU JHa-
rpamma Ae, (AGI SIBJISIETCS. HEJIMHEMHOU B IpejieNax
YIPYTOCTH, MOCKOJIBKY C HM3MEHEHHEM OCEBOTO Ha-
TIPSKEHHSI COOTBETCTBEHHO M3MEHSIETCS ¥ BUJ| HAIIPSI-
KEHHOTO cocTosHUS (c). s momoOHBIX AMarpamMm
nedopmanuii mpenen ynpyrocTH ONpenessieTcsl co-
IJIACHO METOIHWKH [2], IO KOTOpOW TaHTEHC yTiia Ha-
KJIOHA KacaTeNbHOi K KpHBoit nedopmarn Ae, (Ao, )
B HadaJleé KOOPAWMHAT W B TOYKE, COOTBETCTBYIOIIECH
TIpezieNly yNpyrocTH, MOXET M3MeHsATbes a0 50 %.
[TpuMeHnTENBHO K paccMaTpUBacMbIM TOPHBIM ITOPO-
JlaM yKa3aHHOE M3MEHEHHE YIIIOBOTO Kod(duireHTa

KacaTeIbHON OCyIECTBIIOCH B penenax 20-25 %.
Pacuernble 3HaueHMs mpenenoB ynpyrocta P mpuse-
JIHBI B TabnuLe 2.

Tabnuna 2 — 3Ha4eHust PeeIoB YIpyroctu o, ., MIla

Marepuan P=50 | P=150 | P=200 | P=250
Juopur 433 649 786 822
Iepuporur 420 636 670 795

OnpenesieHne NapaMeTpoB JiehopManHOHHOTO
ynpounenus. OOwas nedopmanust pasaesnsiercst Ha
ynpyryto (¢, ) n neynpyryio (I';) (i=1,2,3) cocras-
JISTFOIINE.

Heynpyryro nedhopmanuio GyaeM HCKaTh B BHIE
(kak mpemokeHo B [3]):
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e I';, I', — miaBuble Heynpyrue gedopmaiyn; A —

ko> punuenT paspeixiaenus; K — MaciTaOHbIA KOd()-

¢bunueHT; o — mapamerp, YYUTHIBAIOUIMH KPHBU3HY
KPHBOH yIIPOYHEHUSL.

B ¢opmyne (6) ydreHo, 9TO MONHAS HEyIpyras
nedopmarust COCTaBISIETCS] U3 YHCTO IUIACTUYECKOM
I'™ (He BbI3BIBAIOIICH M3MEHEHHUS 00beMa Teja) U Je-
dopmarmu paspeixiaenns [, KOTopasi, CONIACHO THIIO-
Te3e B.B. HoBoxuioBa o BCECTOPOHHEM pacpocTpa-
HEHUU pa3pbIXjeHus [4], npuHUMaeTcsl B BULE:

0 _ 190 _ 190 _ ni
rl - l—‘2 —F3 - _ﬂ'rl . (7)
3asucumocts ') ~ ¢ st pasHBIX GOKOBBIX [aB-
JIEHUH TpecTaBleHa Ha PUCYHKE 3.
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Pucynok 3 — 3aBucumocts I (C) TIPY PA3TUYHBIX
OOKOBBIX JIABJICHUSIX JUUIsl TUOPUTA

Ha rpaduke BHIHO, YTO HpHUpalCHHE HEYNpYy-
roif gehopmManuy Ha HEKOTOPOM YIAJICHUH OT Mpezera
YOPYTOCTH MPOUCXOAUT MPH MOYTH MOCTOSTHHOM 3Ha-
YEHUM NapaMeTpa C IPH KOHKPETHOM OOKOBOM JIaB-
JIEHUH, HO 3TOT HMapaMeTp U3MEHSAETCs MpU Mepexojie
OT OJJHOTO JaBJICHUS K JIPyromMy. TO 0OCTOSATEIHCTBO
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Kak (YHKIIIO OT mapaMmeTrpa ¢ (pUcCyHOK 4), Trie A

COOTBETCTBYeT (PUKCHPOBAHHOMY OOKOBOMY [aBie-
nuto P, =50MIla.
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Pucyrok 4 — 3aucumocts (1— 1)/ (1 - l*) ~c
JUTSL IAOPUTA

Jis moOOHBIX TOPHBIX TIOPOJI, KaK 3TO YCTaHOB-
JIeHO B [5], pa3phIXJIeHHE HCUE€3aeT, KOrJa Harpsike-
HHE OT OCEBOTO JIaBJICHHS IPEBBIILIACT HAPSHKEHUE OT
6OKOBOTO JIaBIEHMs B TPH pasa, T. €. npu A=1/3. An-
[IPOKCUMHUPYS C NOMOLIbIO JIMHUU TPEHAA JIMHEHHOMN
3aBHCHMOCTBIO TpauK, IPEACTABICHHBIN HA PUCYHKE
4, w3 ycnosust A =0 mpu A=1/3 | nonyuum 3nauenne
A" . OGpaTHBIM TIEPECUCTOM U3 YKA3AHHOH 3aBHCHMO-
CTH ONpPENENUM 3HadeHus A (A , UTO TIPEICTABICHO
Ha PUCYHKE 5.
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Pucynok 5 — 3aBucumocts A (C) IUTSL TAOpUTA

Cunras maciuTabHbi Koddduuuedr £k oxHum
U TEM K€ IPH BCeX OOKOBBIX JABICHUSIX H BCEX YPOB-
HSIX OCEBOTO HAMpPSOKCHHUS, OMPEACIUM MapameTp o
B 3aBucUMOCTH (6). Jlist aTOoro mpu Kakom-nmbo 6o-
KOBOM JIaBJICHUHM IPEACTABIIsIEM 3HaYeHUs Aedopma-
muit '} B Maymoil OKpecTHOCTH 3a TIpesIeioM YIIpyTO-
CTH W Ha NpeJere MPOYHOCTH B BHIEC X OTHOLICHHS,
U3 KOTOPOrO W HaiimeM 3HauyeHue o . [lnsi quoputa
a=1,95.

Wcnone3ys Benmunuy I, Ha mpemene mpodHo-
CTH, NIPY M3BECTHOM O , Haiijem napamerp k. Jlis
auopura k=0,27 .

s nmepuotrTa OblIa HCIIOTB30BaHA IPyTast Me-
TOJIMIKA OTIPEICIICHIS TTapaMeTPOB HEympyroi mpedop-
MaITHH.

AHanmnu3 SKCHepUMEHTANbHBIX JaHHBIX A.H.
CraBporuHa [6] moKa3bIBaeT, 4TO MmonepedHas aedop-
Manysa Ha MpEeaciic NpovYHOCTU NPU TPEXOCHOM CiKa-
TUH paBHA 110 MOJYITI0 oceBoi aedopmaruu. Mcnonb-
3ysl 3TOT (haKT, & TAKIKE YCIOBHE OCCCUMMETPHYHOCTH

N 1
grcto riactuueckoi aedopmarmu (I = ——TI'"") u3
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[Tapamerp o ompesessuics Tak e, Kak U B Ipe-
JBIAYIIEH MeTonuKe, cuutas K M A HOCTOSHHBIMH
MpU KaXJI0M OOKOBOM jaBicHuH. J[is mepumotuta
a=127.

B rabnuie 3 npuBeneHb! 3HaUCHUS K03 duIueH-
ToB kK u A s nepuporuTa.

Tabnuua 3 — 3nadenus kodpdUIUEeHTOB
k m A pns nepuporura

P=80 MIla |P=150 MIla | P=200 MIla | P=250 MIla

A 0,7346 0,6786 0,7176 0,6905

k 7,7521 1,8629 3,3224 8,5168

Ha pucynke 6 mpuBeeHbI pacueTHBIE U KCIICPH-
MEHTAJIbHBIE 3aBUCHMOCTH AEI(AGI) JUIsL JIHOPHTA,
Heynpyras jedopmanusi KOTOPOro pacCYMTHIBAIACH
M0 MEpBOM MeToauKe (Heympyrue KOHCTAHTBI OIpe-
JISTSUTICH TOJIBKO TIO MPUPAIICHHIO 0ceBOi aedopma-
IIUH), @ Ha PUCYHKE 7 — JUIs TICPUIOTUTA, HEYIIPyTas
nedopmanusi KOTOPOro pacCUMTHIBAIACH IO BTOPOH
MeToAMKe. B STOM cilydae HEynpyrue KOHCTAHTBI
OTIPENeIUTNCh C HCIOJNB30BaHUEM HAOIIOIAEMOTO
B MOJJOOHBIX OIBITaX COOTHOIICHUS MEKIY IPOIOIh-
HOW ¥ TIOTIEPEYHOH AedopMarisiMu Ipu JOCTIKESHIH
npenaesna NpoyHocTH [6]. YKa3aHHBINA BBIINIE XapaKkTep
ATOTO COOTHOIICHHS CTal BO3MOXKHBIM 32 CUET BIIHUS-
HUs JeopMalny pa3phIXJICHUs, COINPOBOXKIAIOIIEH
YHCTO IUTaCTHYECKyo aedopmanumio. JJlannoe odcros-
TEJILCTBO MOATBEPXK/IAET HEOOXOJMMOCTh Pa3/IeTICHUS
Heynpyroit nedopmanuy Ha JBE COOTBETCTBYIOIHE
YaCTH, ITOTYNHSOIIUECS CBOMM 3aKOHAM BO3HHUKHOBE-
HUS U Pa3BUTHA.
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PucyHnok 6 — 3aBucuMocth Ag, (AO'1 ) JUIS AMOpUTA

Becmnux KPCY. 2017. Tom 17. Ne 5

41




Duzuxo-mamemamudecKue HAyKu

P=80 MIla
Ac,MITa

600
500
400
300
200
100 -

Ag,

O T T 1
0 0,5 1 1,5

/

DKCTIIepUMEHT Pacuer

Ac,MIla P=150 MIla

800

600

400

200

Ag,

0 0,5 1 1,5 2

2
e DKCTIEPUMEHT

Pacuer

AG,MIla P=200 MHa
1000
600 /
400
200
0 T T T ASI1
0 0,5 1 1,5 2
ODKCIIEpUMEHT Pacuer
A, MTTa P=250 MlIla
1500
1000
500
0 T T Aal
0 1 2 3
OKCIIEpUMEHT Pacuer

Pucynok 7 — 3aBucumocTh Ag, (AG] ) JUIS IEPUAOTUTA

Ha sTux pucyHKax BHJHO, YTO MpPEACTaBICHHBIC
METOJIMKU OIpEJeNICHUs MapaMeTpoB yNpyroid W He-
yIpyroi reopMannii JaioT puemMiieMoe COBIaIeHNe
pacyeTHBIX W SKCHEPHUMEHTAIBHBIX JaHHBIX.
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